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1.  Introduction

‘<§ﬂ> ;3"; ';.This constitutes the final report of the first phase
. ¢ ' of the program, namely the literature search, from

: w'le;the-Contract, “Improved Screens for Rear Projection’
gﬂ'f ?*;.nViewers". The overall objective of this effort is
| L ?to investigate Corning Glass Works' materials for
' ;applicaéions in rear projection screens. It is to

. cover only materials and processes which are available

‘ii:with at_most oniy minor modifications. Thus whatever:

;ﬂffi | ; . success is achieved will be transferable with little

.- - ' delay into practical screens.

' The search covered all the world literature and both
;domestic and foreign patent literature from 1945 to

. date. It is felt that all pertinent articles on rear
projection systems and screens have been obtained. In~

‘ } laddition, a wide variety of literature, to be used to

f»j’;_ evxsupport.the theoretical and experimental phases of the

-Cff\;lfﬁfei;3‘1program,was collected.

_ Much additional work has been accomplished in addition

" to the stated objective of the literature search for
this phase of the program. The literature has already

- been used to guide some preliminary theoretical work

on screen resolution and its measurement and is reported
in Section III.

. We have also started preliminary experimental investi-
gations into CGW materials to help guide the theoretical
and experimental phases of the program. This effort is
expected to direct the theoretical work toward definite
inVestlgations which will make it more directly applicable

to the material investigations. Already a wide variety
of promising materials have been examined The first
results of this appear in Section v,
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II. 'Literature Search

f;A search of all available world literature, constituted
J,the first phase of a program to investigate the
f:applications of CGW materials for rear projection screens.
. 'This covered all the open literature and both domestic
;;:and foreign patent literature from 1945 to date. The
-'; _open literature search was extended to the Library of

i

-~ Congress in Washington, D. C. by our technical librarian.

[y

. -Articles relating to many other fields besides rear
projection were collected to support our theoretical
and experimental investigations of light scattering
phenomena. This literature also covers laboratory
"instrumentation which will be required for the
experimental phase of our work. However, because of
the large quantities and little immediate direct -
‘application of this literature only that directly related
. to rear.projection screens is discussed.

. A. Open Literature
1. Light Scattering Screens

a. Rear projection screen:s, parameters and
their influence on the display system

ewf _ The function of a rear projection screen
' is to accept an image from a projector on
one side and present it to viewers on the
other. To do this it must diffuse and
reradiate the incident illumination.

The type of projectors in use range from

L

television screens® ‘to conventional slide

- . projectors. The effectiveness of‘such a : L
display system is governed by the
characteristics of the screen and by the
geometries under which it is illuminated and

viewed. To illustrate this, the type of
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_ S screen used with a microscope projector
Gi:ﬁ é" z.;? I - is made to be viewed by only one person
' - ' positioned directly in front of the screen
and makes use of a narrow—anglea, high-gain
"; f screen. This type of screen gets the
. ,. “'."maximum use out of a limited amount of-
N 3~;f . f;f‘f light. On the other hand, a compact
) ':L,f' ‘i’ - _i:;.." sales demonstration unit with a short
L | | B focal length projector and a widely spread

Pl ken .

audience requires a wide-angle, low gain

screen.

Cooe : o o The behavior of a typical rear projection
‘ S ~ screen is illustrated in Figure 1. This
‘shows a projector, a sereen and an observer.

—~—

Projector

#’W s o,

\\\\\\\‘ Observer
<$Ei\ Principal Axis

Screen

Figure 1. Typical Scattering Pattern from a
T : Rear Projection Screen

.. A light ray is shown incident upon the screen ., ~
.. at point A, Continuation of the‘line
repfesenting the incident ray establishes the
. . "principal axis". The observed brightness
(ii) ;‘ . of point A from any direction is indicated
S o by the length of the arrows. An observer

L
A N
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along the principal axis will observe the
screen to be brightest. As he moves around

»

and views the same point on the surface it

"~ will become less and less bright the greater
- the angle. This angle is called the "bend
© angle". ANBLE Feg Nezdf, 7O SCrREEW IW/M

Transmission, reflection and absorption
account for all of the properties of rear
projection screens aside from their diffusirng
properties. The scattering properties of
screen materials have been discussed in a

number of.good articlesz'3'4'5'6'7'8'

‘and is given as a plot which shows the relative

intensities I(g) of rays of light which are

deviated at different angles by the screen?'lo.

The curve 1is obtained by measuring, with a

goniophotometer or comparable instrument, the

brightness of a narrow parallel beam of light

as it is spread out by the screen. These

intensities are then normalized to a perfect

Lambertian diffusing surface where the

intensity of the scattered light is propor-

‘Ltional to cos §. This establishes the

reference as equivalent to a unity gain

M

diffuser. Lambertian diffusers are approximated

by coatings of either Magnesium Oxide (MgO) or
Magnesium Carbonate. Screens which do not

diffuse as uniformly as the standard reference

yill appear brighter than.it over a certain
range of viewing angles. This is shown by the

distribution curve having a value greater

than unity. Because a diffusing screen is a

" passive element which does not add energy

to the light passing through it, any increase

'in gain above unity for one viewing position

must necessarily result in a gain less than

| %”Jfrp Hor: Wrr,eé?%?f -
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.. of relative screen gain curves. Althouéﬁq

. screen scattering distributions it shows
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unity for some other viewing position.
Often the singular term '"screen gain" is
used and is the value of the gain curve
at g = 0. '

[Tt would be more correct to call these
f'curves relative gain curves as they are

L 7
.‘relative to the standard Lambetrtian

© {diffuser. Figure 2 shows a typical set

this parameter is good for comparing

~little or nothing about their efficiency.

The absolute gaip curve is a measure of ©

"|this and is fouhd by multiplying the . SF -
scale factor of the relative gain curve Gﬂ eo.t ‘(‘h I'

by the diffuse transmission coefficient
of the screen which is just the ratio of
the intensity through the screen to the

Encident intensity, regardless of angle.
Hence two screens which have identical

relative gain may have significantly

different absolute gain. It is also

,rimportant to note that viewing areas will
|

_.generally be much wider than they are high.

lThis therefore necessitates a need for
tscreens which are anisotropic, i. e., the
lgain curve should be broad for the
horizontal plane and relatively narrow for
tthe vertical™” . An extensive investigation

- of commercial screen materials has been

reportedlli

In general the distribution curves for rear
projection screens differ significantly

- from Lambertian diffusers, though not
enough to be treated according to the laws

p&pproved for Releas_e_ 2012/11/08 : CIA-RDP79B00873A002000010009-3
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' Screen Gain.

N W N . , , -
o 10 20 30 40 50 60
s Bend Angle (Degrees) ‘
- . : ' . Figure 2. Screen Gain as a Function of Bend
: ! : ' Angle for Several Typical Screens
LIS .
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It has been shown these distribution
. turves can be closely approximated by '
using some power of the eosinelz, i.e., . [
. , |

'is obtained if a modified cosine :

- as figures-of-merit in specifying suitable R

-distribution of light from screens has been ~ .

I(g) = cos® Qi , . ,

s is termed the . !

"gshape factor" and provides a convenient L »

where the parameter

index to the diffusing-characteristics of o ’
a screen and usually takes on values : i
between 1 and 50, Still a better fit

distribution is used!’ where s is | ' 4
expfessed as a function of the angle ¢ :

in the form . o f

s(g) = s

m
o €xp-k(s -1)6

The parameters S e k, and m have been used

Still a third R
empirical formula to describe the angular 3

screen characteristics.

) 4
13 However it has not produced I ¢

the good fit obtained using the modified ' _ :
cosine power relation. Figure 3 shows two : o
typical gain curves and the approximations 1

using the three different empirical formulas.
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Figure 3

It can be clearly seen from Figure 2 that
because the screen gain falls off at
increasing bend angles and the screen
subtends a finite angle at the observer its
surface will appear to be nonuniformly
illuminated.
being dependent upon thelangulaf size of

The degree of nonuniformity

.the screen and the shape of the distribution

curve. The intensity distribution across
the screen can be made more upiform if the
scattering distribution is broader but this
must be balanced by a decrease in the

overall gain of the screen.

The physical incompatability of low back-
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L;kj _fa“;fu projection sc;ggngdu;;h gngom diffusion is
¢ b 1y ) o .
[ % VPt . well establishe o surements
;‘E: Ti;i“f' and is also theoretically understoodl?. The *'
141‘ y{ig’.; two basic processes responsible for the light
NN fgﬁ"& diffusion in transmitting screens are;
{ TR A _:,;‘:\' ) .
&:,;, pf}»;1 scattering by randomly distributed microscopic
;153'-';9' .° or submicroscopic particles, and reflection
(S A A . *
;if;_;gii; . and scattering at boundaries with random
525'5;¢: ‘. ' surface irregularities. Scattering bgg
(4 [ I : .
G )}” :j; sperical patticles of a size of the order of
A% - 72 %" the wavelength diffuses the incident light
[ 2 R s ————
IR wé;ﬁ .. beam .in.such a manner that the greatest
Y,k (A A L - . ) —
;ﬁﬁ«h{.ﬂ . % intensity occurs in the forward direction
1S 2 . LI L
[ V§~ﬁ.(' with a sharp decrease to the side and little
l;i:~é:f;’€l light is backscattered. Multiple scattering
3% TP 7 Imakes the intensity distribution more and ~
TR S TR B
P L' |more uniform. While the forward intensity
bt e distribution is flattened, the backscattering
IEE 1+ 7, |increases so that there is a kind of inverse
P bk 15,16,17,18
Pty o7 . Jrelationship between the peak
SR A
St 71+ |forward brightness and the intensity of the
3'¥3 N Packscattered light, Figure 4.
AR 3 i
.t
s o .
A e bR O
! .. it
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E L ‘
' . 4 ‘: R ";f_-"lf.
L3 . Sy L =
e 5
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: ‘; “; i "‘" : . f
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e -
X Figure 4. Polar diagrams for the distribution
. . of light repeatedly scattered by
; _i’ - * . particles of diameter 1.6 and
O A O refractive index 1.25.
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in the forward direction

from not having as much light scattered
o
ght as a higher gain_screen.
Correlation between forward peak

brightness B and backscattered
brightness D 1in randomly

Thus there seems to be some
10
diffusing screens.

correlation between the forward peak
brightness and backscattered intensity in
randomly diffusing screens has been shown
basic limitation as to screen efficiency
for a given gain distribution.

may or may not ultimately restrict a given
projection-display system depending on the

Therefore a high diffusio
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If, rather than using a more diffusing |
(fﬁf , ' screen, the intensity from the projector |
is increased, the screen brightness becomes
more uniform. An apparent spreading out
\%of the light from the center to the edges

'will be seen, father than a simple uniform

increase in light intensity. This is

because of the logarithmic response of the

AL?ye to variations in intensity.

To illustrate this let the intensity at two
places on the screen be I, and 12 where

I, > I,. The perceived intensities B, and

B2 will then be
Bl = log I1 - ‘ F
B, = log I2

-
-

Thus the perceived intensity ratio B is

Bl _ log Il

r B2 log 12

If now the incident intensity on the screen
is increased by a factor n, n » 1, the

intensities Il' and Iz' will be

and the perceived intensity ratio becomes

N . B1 log n I1 log n + log I1

N L = = - - =
e : | r 5. log n 12 log n + log I2
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Because Ig > I the addition of log n to

each will proportionally increase the

denominator more than the numerator, thus

Ehe ratio will become smaller which means

by.:increasing the projector output the screen_

illumination will tend to become more uniform.

Obviously the converse is true if n £ 1 the

denominator will again be more strongly
affected and the illumination will become

. more nonuniform.

"vFactors such as absolute screen brightness, -

- and the response of the eye are treated

a_
extensively in the literaturel‘ 24, as are

the closely related areas of color vision,-
25-28 4ng legibilityzg. The
fundamental concepts of light & lighting appear
in the literature30

and definition of lighting terms31.

color sensitivity

along with discussions

The closeness of the audience to the screen
is also an important factor in determining
the desired gain characteristics. The closer
the screen is to the audience the larger the
bend angles involved, hence the requirements
for a uniform picture increase. The width
of the screen also has a comparable effect,
the wider it is the greater the range of
bend angles hence more difficult is the
problem of projecting an acceptable picture.
It is important to note that the screen may

" be brighter overall for an observer at the

center of the audience than for dne at the
edge but it has been found that it is more
important to view a uniformly illuminated
screen than to just see a bright picture,
although it sﬁrely must be sufficiently
bright for all viewers to view the detail
with comfort. W

[

s o —
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. Matters are further complicated as light

.entering the screen is scattered more and

more as it penetrates into it. By the
time it has reached the back surface it
is scattered as much as it can be. Here
the scattering distribution will have

. values for all possible angles. Because

the light must now pass from a medium of

o higher refractive index into a lower one

all of the intensity scattered at an angle
greater than a critical angle %, given by,

0o = sin-l(l/n)

will be trapped in the glass because of
total internal reflection; where n is
the relative refractive index between the B
glass and the surrounding medium, This

trapped light now moves from surface to surface

laterally across the screen rather than

through it. It is further scattered and finallx
that which isn't absorbed, emerges from both

the front and back surfaces of the screen.

‘Less intensity will be lost by this
" mechanism if the scattering distribution is

high gain rather than low gain as there is

a larger contribution to the total intensity

from large angles. This 1is particularly true

near the edge of the screen where the angle
between the extreme ray and the screen normal

is greatest. However, the angle between the

- principal ray and the screen normal is reduced
~inside the glass because of refraction. All

of the light trapped must be considered lost
as it no longer can contribute to the image.
The intensity ratio between the light incident
on the transparency and the screen is equal

to the inverse square of the magnification.

e e e i ——r = .~ ——— - —— = &~ - o~ ar = g ¢

e e RO Wes e —
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Tfhus if the screen can be made half as big, '
lit will require only a fourth as much power 1
lto illuminate as the larger screen. This ;
;bans bend angles will be smaller and less %
light will be internally trapped. !

Any transparency can be thought of as

~* having some average density. It has been

shown that about_2/3 of the available

intensity can be absorbed by the transpggenciesz6
which causes them to heat up and possibly melt.

There are other reasons for poor screen
illumination which depend on projector
design and power as well as geometrical

considerations32_36' 12. The larger the

angular size of the screen the greater thes
angle between the screén normal and the
principal extreme rays. This means the
principal axis of the distribution function
varies over é wide range of angles across
the surface being greatest at the edges of
the screen; also, the bend angles are

correspondingly greater. This is shown in

Figure 6.
Bend P
Projector Positig Angles, :

Viewers

Figure 6. Effect of the angular size of the
screen on bend angle
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This can come about by using short focal
length projection lens, being closer to the
screen, or by increasing the f/No. at which
the projection lens is operating. The faster
the lens the more light which can be projected

on the screen, however this also increases the

bend angle and may require a lower gain screen

to maintain sufficient uniformity of

illumination. Also the greater this angle

the more reflection experienced at the
surface. This is controlled only by the
angle and the relative index of refraction

" between the screen and the surrounding medium.

The two curves give the transmission coefficient
s a function of angle of incidence through
wo air glass interfaces, for two orthogonal
olarizations, e. ¢g., n, normal to the screen
nd p parallel to the screen.

A constant fraction of power is lost at each
air glass interface thus the total transmission
coefficient is that for one interface raised

to the nth power where n is the number of
interfaces, in this case n is 2. Figure 7
shows the transmittances:for both polafizations

as a function of the angle 0<'- It can be seen

~ from the geometry of Eigure 6 that & is
° defined by ’

¥

X (radian) = D/2 L_

where D is the screen diameter and pp;is the R

rgrojection distance. As an example, these

1rlosses amount to about 10% for a screen 30

,:1nches in diameter and a projection distance

LPf 30 inches. . The transmission coefficient

" Declassified in Part - Sanitized Copy Approved for Release 2012/11/08 - CIA-RDP79B00873A002000010009-3
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_ , o . changes from .92 for both polarizations

(g:> » ? ; . " at the center of the screen to a minimum

' L ., - of .82 and .98 for the n and p polarizations
B respectively 4t the edgesof the screen.

'fp_ “‘ 1ﬁ .. Even if the principal ray is incident normally
on the screen there will still be a certain.

e ]

BT _:3 . amount of angular reflection losses which
_ . ':;t;: ' i}j,:7' Y, arise because of the finite size of the
- "‘. ;§ " projection lens. Light from all parts of the

S ot .+ 1lens is used to form an image of a single

-~
-
-

T T e ——

* . _point on the screen. Thus the angular cone .
.+ " - - of light from the lens should be considered

~f_f.§f PR '_ rather than the principal ray, although little
S """ is lost in making such an approximation. -

-
- R

é ‘f"' ‘ c When all losses are considered in addition-
' to backscatter losses and bend angle problems

-
e m e m——

, 5 it is quite clear why s0o much projector
Cg;il*: _“_':f ' power is required to give an acceptable

Lo display. Some projection systems even use
more than one projector and "lace" the two
. o :- . displays together. One must therfore optimize
R projection systems and projector power against

e s ey nove iawd e s

e LT ~ screen gain and uniformity of screen brightness
3 ' to obtain the most efficient screen at the

L

lowest projector power. It is well known that
IS many projection systems are literally burning

up transparencies because of the need for a

bright picture of uniform brightness over a
wide range of bend angles. The most straight-
forward solution is to use the most efficient
. - screens in very carefully optimizgd.projection systems.

e s ——— e

b, Sensitivity to Ambient Light

The sensitivity of the screen to ambient light

fff\: ; . 'is also very important and varies with the

oy , . . ‘specific application 37, 4, 38’40. The more

@

- . : . o, ) -
e > -
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" . more transmitting, i. e., the less diffusing,
- ——

- -

é;/g . .t ..t the screen the less sensitive it is to o ' |
R )»i f  t ‘§; ~ ambient light. This is important because

in many applications the display is to be

vk o e

ot .7 viewed with a certain amount of room light j
’{,f; : f - _"_;;, present. If the screen is highly trans- ‘ ;
L ‘-“A!J ?'T‘N}"f~*  mitting the ambient light will pass through - o
N :," with very little being scattered however if

.. " . "7 the screen is highly diffusing it will also

o g R REE - scatter the-ambient-light.back to the ‘ } )

L "+ '.  observer's and this will tend to degrade

D L -y e
.r» - "the contrast of the image seen. Generally

o .;:.: ,j ’;’f s speaking, the greater the difference between
b v'"i.' o the ambient intensity and the screen brightness :
v ;', L ; L the better will be the conditions for obtaining '
' '  'i , good quality on the projection screen.. =
IR Cilnaa Whenever the ratio of these is less than 300:1,
_;' o 2‘ ’ . picture quality for normal density prints
| (K:>;i;' j Tf . -+ will begin to change. A decrease in this
Tl ratio to less than 30:1 results in almost

Cmr e pw e e

* total degradation of the screen image. For
o these last conditions, one may rightly question
L i' . ~the visual value of any display. This problem
o ' has been treated in detail using groups of

S e e g o — ey W r

observers and varying screen conditions. oA
The results appear in the literature.referenced. One .
solution is to put an absorptive material '
into the screen. The absorption tends to E
reduce the sensiEiQity to ambient light by
" absorbing a good fraction of it, however it

also reduces the overall efficiency of the
projection system by the same amount. Rear

" projection screens are also very sensitive
to back illumination because it can reduce the

oo mm comt e

contrast appreciably without being very bright.

e s s

T<. - Lo . . : -

Tt . - BN R .
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Resolption

Resolution is one of the most important
screen parameters as it limits the
fineness of detail which can be usefully
.projectedll. The most important factors

limiting resolution are the size of the

ot , —
" scattering irregularities and the thickness

87nd_ scattering characteristics of the
screen. Clearly, the thicker the screen
‘__—’._-—‘

- the more spread out any point projected

onto it will be by the time it reaches
the viewing side. The amount of spreading

~"is determined by the thickness and the
'scattering distribution of the material.

Unfortunately no literature was found on

"~ the thickness effect and because of its '~

importance it will be thoroughly treated
in.the theoretical phase of our work.

.Any type of scattéring centers will distort

the light passing through them. This
means that the larger the scattering centers

the lower the inherent resolution of the

' screen. .If-glass spheres of a given diamete;

are used to produce the scattering then one
could not expect any significant amount of
resolution at that detail size or smaller.
Another factor which reduces resolution is

the light which is ‘trapped in the screen.

Because it moves across the screen it comes

- out at a variety of places adding light

where there should be none and reducing the
overall intensity of the image. Again the

" more diffusion the lower the contrast which

can be expected. The theoretical aspects of
resolution will be treated in detail later
in this report.
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A particularly effective way to obtain a

fine grain, high.resolution screen is to

coat one side of a clear substrate,

such as glass with a suitable diffusing
layer. The diffusing layer being a pigmented

carrier consisting of resin and a solvent.

. The pigment may be any finely ground material

having a different (generally higher)
refractive index than the carrier. Ground

glass in a plastic substrate is sometimes
used.

-Performance Ratings of Screens

Several authorsz'lz’3

have proposed criteria
for establishing a performance rating or
figure-of-merit for rear projection screens.
The shape factors previously described has
been used while others have used the angle
atvwhich the maximum gain at § = 0 has
fallen to half its value. Sachtlebenll
introduced a figure-of-merit based only on
resolution. Some schemes are by far more
complex and involve the weighting of many

selected parameterslz.

The most important aspect of the figure-of-

merit approach is to use the one most important

parameter such as efficiency, sensitivity to

. ambient light, resolution, or some weighted

.. combination of parameters which show, for

. a_given application, the relative quality of

various types of screen materials. Because
of the many different applications for rear
projection screens it seems unreasonable to
attempt to give a single number which can
describe all possibie material prdperties in

- sufficient detail with no regard to. specific
_ application. s
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It would be almost as questionable to assign

a figure-of-merit to each of the parameters

of a given screen material because requirements
change with application and the parameters are

by no means independent.

" Other Approaches

Considerable effort has been directed to finding

new techniques and different materials which do

not directly depend on scattering for their light

41

distributionrproperties . This has been done

to circumvent the inherent limitations of

efficiency and uniform screen brightness set by

light scattering materials.

" Although very many ideas have been proposed and

much work has gone into making them feasible, few

rear projection screens reflect this effort. Some

‘of the more promising techniques will be described

in the following section.

as.

Fresnel Screens

" Fresnel screens, made by placing a diffusing

screen and a Fresnel lens in contact with
each other, have been inestigated to determine
11

' their advantages and limitations™ . It has

been found they are able to significantly
increase the overall screen efficiency by

" directing the principal rays back toward the
observer. This can be seen from Figure 8.

v

e —-m——'-....x«.—,-.wv

L e s

e
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: © 7w, =7 Without Fresnel
Projector Lo Lens

With Fresnel Lens

Viewing
Area :

Screen R 2

Figure 8. Redirection of the principal
axes by using a Fresnel lens
with a standard screen

Figure 9 gives gain curves for a diffusing

screen with and without a Fresnel lens42.

[f T ‘X’T—"—""—g?"\‘:
=

M S VAN ey
¢ \h@\\\ \ e

/ \\\7\ Diffusion

2 gcreenfﬁ -
- s
Kmffusion\Xe iy

{.Lens
t4—— Screen Only

-
oy |

NN

HEAN

. .
. .

Figlire 9. Relative brightness of Diffusidn
and combined Fresnel diffusion
screens.

e
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: ! { ;: ; ' A significant improvement can be seen by
J‘} o ,% S g noting the increase of bend angles at which
Q:jz'gfi P : the screen can be viewed. This then permits
§ i ‘e 1- ) ‘ the use of still higher gain, higher efficiency
' i R Z' L screens and at the same time it is possible
;ﬁfé ;lT E ; \ to maintain a sufficiently uniform screen
-?i;if i BT brightness. The use of Fresnel lemnses also
R ;h \ "~ make it possible to use shorter projection
”t "__jy aistances and faster projection lenses. Also
;; ;;? - _ 5; . S;fallowing higher gain screens to be used -
”fiﬁ}f - foﬁ A the sensitivity 'of the displays to ambient 1ight"'
és? : ; ; - ~ decreases.
.jjf{.f S This type of scfeen has found the most general
ffﬁi’" '} : use in camera view finders to make the image
S : S “: brighter. Otherwise these screens have seen
;g“; - ? " only very limited use because of the -
Lf’ ' ST ' difficulties and cost in making large high
‘ ¢ o f E Quality Fresnel lenses. - They all seem to
’.a;>ﬁ‘§ | : i ' display an undesirable line structure and

the grooves of the lenses also interact with

.

detail near that same size to produce Moire -
SR ~ fringes. '
| b. Lenticular Screens

Lenticular screens are made up of very small
lenticules or lens-like elements, Figure 10.
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Each receives a small portion of the light
from the projector and re-distributes it to

ORI
~

C

the viewers. These lenticular elements are ]
very good at distributing light through a : 5
given angle. In theory the lenticular l
, ' .screen is a logical development, but many _

ik serious problems of a practical nature %

-
¢

- ' . screens can provide the smooth, even picfure
S 43,42,44,13

i
xi ' L 'fremain to be solved before lenticulated ' |
1 .
!
! illumination of ordinary flat screens
t .

The chief cause of dissatisfaction with the
. lenticular screens available at the present
Lt 4'\ | : - time involves optical difficulties created

P ;‘7}"' .~ . when the several lenticulated panels are

.
PO AU s
e

joined together to produce screens of the _
'\ . required large sizes.

; _‘ o Because each tiny lenticule directs light

(. ? L quite differently than does a plane surface

| ' ' and since the high axial gain of lenticular

' - " screens (nearly twice that of perforated

| | matte screens) depends upon the optical
functioning of the individual lenticules, any ‘
slight interruptions in their continuity or -

. | ‘: ; -+ 4 minor alterations in their depth and form 7

; .¥;‘ exert a profound effect upon their trans-

S " | o mission characteristics.

o oL Seams where the paﬁels are joined show up as
':f '3 R _ black or gray lines and the illuminated
S A . surface of a lenticular screen seldom looks
e B ' - uniformly bright but is marred by the
o : . slightly differences in the transmittances of
' _ ’ the several panels. Differences of 5% are
i | - easily visible, while differences of 10%-20%
éjE, B L . completely spoil the display.

¥ o
N
N
St
. “
¢
; 1
.
e
-
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' The cost of lenticular screens are also

. high inasmuch as the manufacturing process

requires several types of large embassing
equipment. 1In some applications lenticular
screens are used in conjunction with
standard diffusing screens

Fiber Optics Screens

Very little has been reported on the
application of fiber optics to rear projection

screens.

Corning Glass Works has recently assembled an
octogonal 12" diameter fiber optics plate 1"
thick with a transmission of 50%. It has a
numerical aperture of 1.1 which gives it an
extremely large viewing angle. It is made

up of cladded solid core fibers measuring

7 microns in diameter.

The production of greater than 12" screens

is very expensive. The one extensive

investigationll describe screens which have
substantially uniform brightness out to a S
viewing ‘angle of 45°. T

So far the screens made of optical fibers

do not give a photometric performance comparable
to commercial screen materials used with a
Fresnel lens. However they are reasonably
similar when no additional lens is used.

- The limit of resolution of these screens from .

consideration of fiber diameter alone is about

.100 lines/mm. However because of other

considerations they have only been able to
realize from 40 to 60 lines/mm.

Several types of fiber configurations were
investigated in this study:
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_ P o 1. Single cladded fiber
Q:)i-ﬂzﬂ ”ii;" L B 2. Double cladded fiber‘where the second
: cladding was highly absorbing.
» 3. Cladded fibers. which had hollow ends.
.lit; 4. Cladded fibers with diffusing material
‘ i‘ in the ends of the fibers.
g\%:. '.5. Flat ended bundles with etched surfaces. o

e e e A e gy AT e

et ae e
-~

A 7%" square experimental screen was constructed
S AL . ~
. v . .yfrom 10 smaller segments to determine how large

E . ;f - the constituent fiber optics segments could |

RN
B T e

D """ be made, the visible effects of such
' L ff' . construction on the image, and the practical _
s minimum thickness for these screens. ' }
" Perceptable discontinuity could be seen and
was:® attributed to a discontinuous jump in

- -t m ey

the fiber orientation at the boundaries ané
also the boundaries themselves create a sharp
line.

o
RIS
- - e w3
~

o An outstanding defect in the performance of
S A the large fiber optics screen was its low

B

inherent contrast at large viewing angles.

The contrast was good when the screen was
C viewed normally, but it dropped severely as
F ' . the viewing angle increased. The reasons for
this are understood. The chief contributors
_ ‘ to low inherent contrast are: (1) a lack of
o - absorption of the light that escaped from
the fibers into the cladding and (2) the
large thickness of the supporting glass plate,

R N

which helps to spread any light returned to
the fibers from its outside surface.

It is important to note that the use of a

second absorbing cladding would not entirely
SN - solve the problem of low inherent contrast
Nz S - if the fiber optics structure is supported

!
‘ L , ]
!
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on a glass plate. This is because a
considerable fraction of the light ,
returned from the cavities is confined

to the fiber cores until it reaches the
supporting plate, after which it may diverge
inside the plate at angles to the screen
normal as great as cos—l(NC/Nﬁ)where Nc ="
refractive index of the first cladding, N= -
refractive index of the fiber core. A

" diminished quantity of light also diverges

at greater angles, up to 90°. By keeping
the ratio NC/Nf as large as possible,

!

consistent with the need to confine light

from the projector to the fibers until it

-is diffused in the cavities, the angle

cos—l(Nc/Nf> may be kept at a minimum. The
light that escapes from the cores after being
returned to them by the diffusing cavities,
will then be kept at a maximum. The

escaped light will be absorbed by the second
cladding. Thus, some control of inherent
contrast may be maintained by choosing cores
and cladding with the proper refractive
indexes. This will be less effective as

the angle of projection is increased because
Nc/Nf must then be decreased.

“Although much work has been done in the

field of rear projection the results of the
literature search indicates.a general lack
of analytical descriptions for important rear

" projection system parameters. There are JREY

many commercial screen materials‘available
but it seems likely that few if any have been
designed from basic theoretical considerations
but rather have been developed on somewhat

of a best estimate trial and error basis. It
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is therefore difficult to access the
ultimate quality of such materials or
systems compared to some ideal standard.

For example, from a comparison between

" theoretical losses and actual losses,
" one can infer the quality a given real

system and also become aware of where

" the major differences occur and understand

why. As important as resolution is to a
projection system almost nothing has been
published on the influence of stray light
or of the light trapped by internal
reflections or how thickness and the
scattering function set limits to it.

It is essential to be able to interpret -
operational performance into system
requirements and to investigate the sometimes
severe limitations imposed on a projection
system by a single performance requirement.
For example, by reducing the screens
sensitivity to ambient light may very well
cause the overall screen efficiency to £all
by an order of magnitude. If this is
realized before committments on a system

are made, possibly a more practical set of

performance requirements can be established.

All of this is important if one is to optimize
a given display system. This for the most

- part is difficult to do because of the
' many interrelated parameters and the lengthy

calculations required. Surely this is done
to an extend but because of the lack of
analytical descriptions it seems unlikely it
has been done thoroughly.
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During the theoretical and experimental phases
of this program we hope to clarify many of
these questions by puttihg the theory of

rear projection systems on a more solid

'analytical foundation. 1In doing so, we

expect to be able, by utilizing a digital

., computer, to investigate these types of

relationships and optimize materials and
projection systems to a set of performance
specifications and to show the relative
influence of each requirement on the system.
In light of these results it seems we can
materially contribute to a better under-
standing of rear projection screens and
systems and at the same time better evaluéte
the applicability of CGW materials for ~
préjection screens. )

. %
] :

t .
'
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B. . Patent_Literature on Rear Projection Screens_

S B K

f‘j}- A searcﬁ_EE bothithe domestic and foreign patent liter-
J"ﬂ" “ature from 1945 to date has been made. The patents

', 4.. ' obtained include 37 U. S., 8 British, and 1 each

" "Australian and French making a total of 47. However

‘of these only 29 are directly related to rear projection
. screens per se and even then some of those remaining are
‘very closely related. All of these but 2 directly relate
“to some éype of lenticular screen and/or its production.
. Very little is presented on how the diffusion of light
f{};a ' can be controlled, nor was any mention made of using

T T

;optical fibers as a screen material. -

‘ ‘7;.' For dlarity the patent literature will be discussed under

i CE:\?@~~f>the;followiﬁg classifications:

b

i 1. General lenticular screens.
2. Fresnel screens.
N ©: 3. Dynamic screens.

Y70 w7 4., Hybrid scfeens.

5. Unrelated screen patents.

"1, Lenticular Screens

'i?A lenticular screen in its broadest meaning is one

i g";f'vhwhich has some type of non-plane surface characteristics.

; . These genérally have some type‘of hemispherical, beaded,
t'-ground, or embossed surface with any number of different
7. geometrical shapes and/or patterns.

’

* . A type of rear projection screen is described by E. W.
'Kelloggl which distributes light only through a given

: .angle by using two sets of surface corrugations at right’

.fﬁ‘." - angles to one another ahd both on the viewing side of

" the screen,.Figure la.

1 k3

- . . R Eu
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, . ' - Figure la. Corrugated Viewing Screen
| Further, by the use of molded annular corrugations on
] ' . .
I " the projection side of the screen in the form of a
@"; ., large Fresnel lens, Figure 1lb, the divergence of the
; N light from the projector may be offset.
, !
! 5
_ I
i
Figure 1lb. Fresnel Surface used with a
Corrugated Viewing Screen
R |
Ry 4 ' -
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B. E. Luboshezz'3 and A. Bowen4 discuss the advantages
Cﬁ\. of using two orthogonal sets of cylinder lenses and
< masks which give a screen that restricts the light to
certain angles in the vertical and horizontal direction
. and which is very insensitive to ambient light, Figure 2.

o ~ ) <
> Opaque Mask

Figure 2. Light Distribution from
Orthogonal Cylindrical lLenses

Anisotropic screens can be assembled by using two
- different focal length cylinder lenses. A method of
'({“\ : producing the cylinder lenses is also discussed.

L

' Declassifie(c«j in Part - Sanitized Cdpy Approved for Release 2012/11/08 : CIA-RDP79B00873A002000010009-3
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A patent by H. A, Thompson5 utilizes this masking

'i i effect to decrease the sensitivity of a rear projection u
.Ci> : .~ screen to ambient light. -Efficiency is increased by
. using very small, highly reflective parabolic depressions
in the screen on the projector side which may or may not ,
be capped with small lenticules on the viewing side which
have a focus in common with its respective parabolic

element, Figure 3,

e 2 S
)
’

e T
- p

Figure 3. Light Distribution from Reflecting Parabolic
i Elements (1) and with associated lenticular caps
‘ (2). Front view of Screens Show Coated Area.

" The area of the lenticule is much smaller than the area
' of the corresponding paraboloid hence all the area

exterior to the lenticule can be coated with a light
 absorbing material to decrease the sensitivity to ambient
'.light without decreasing its efficiency. o ST

The object of a patent by G. Schwesinger§ is a lenticulated
_ ' ' rear projection sctreen whose scattering characteristics '
. Vo - are strictly controlled through optical;design rather l

é;: ' than being dependent upon uncontrolled scattering and -

j ref;action by.random surface irregqularities. This'iéll'
S S ) i

ht
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claimed to circumvent the physical incompatibility

- requirement of having a screen which is highly efficient

B

with a low surface reflection and which spreads the
transmitted light uniformly over a certain wide range of

' viewing angles. The geometry of the lenticular elements

‘is computed theoretically. A theoretical treatment of

required surface geometry is also given by H. R. Schulz‘7

in describing the required cylindrical surface to remove

the line structure from television pictures.

A straightforward way of producing a lenticular surface
following J. S. Thompson et'al8 and H. C. Staehle et al9

.~ is to form it from plastic in a lenticular mold, or by

cementing small lenticular elements to the surface of
10

" a clear or diffusing screen as patented by P. C. Robinson .

. Another type of lenticular screen is outlired by E. G. -

. o, .
L e emeie s d m

Beardll which consists of several sets of concentric
rings cut into a plastic material and the center of each
set being displaced from that of any other of the sets.
The surface of the screen may also be roughened to

" increase its scattering properties.

s

A
SRR B

Coe

e - Screen's surface.

~: A lenticular screen has been patented in England by

12 which rather than use

Phillips Electrical Limited
strictly circular rings make each ring vary laterally

in a sinusoidal pattern, Figure 4.

RN

TUNIIT= AT T

. A K .,.. . '.._.‘.‘T.."”,--_—”_.( PER VAL 4 B
‘Figure 4, Laterally Varying Rings cut into a

1
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.., A completely different type of surface treatment'is
, ; proposed by B. V. Bowden'? where a mixture of powdered
@i}if£ ff, . 9lass and a low viscosity plastic. is sprayed onto some
'." + kind of structural backing. A screen can be made

' . 1. 7! insensitive to ambient light by forming some type of

o i‘fsharp conical depression in the surface. Light incident
. on this type of structure is eventually all transmitted

-as 1t moves further down the cone, Figure 5.

Figure 5. The Trapping of Light
in Conical Depressions

This is the essence of a patent by P. J. Corso et all4.

If both sides have this configuration more projection
light also passes through the surface and hence through

. the screen, nothing is mentioned about its effect on
resolution.

It can be shown that any ray of light, which impinges
upon a cube corner reflector successively strikes all
three faces and is set back toward the source. If the
cube corner is very small the light ray will return
exactly to the point from which it came. Hence, since
the pupils of the eye do not radiate light the screen
will appear dark. A patent by R. T. Erban15 suggests
the use of cube corner surfaces to be placed on the

[ oot . e
. - [ .

N . . ' i - x i o . * :
Pl . . . . S. - =
ST ce . ™
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viewing side of a projection screen to reduce its
sensitivity to ambient light.

A more mechanical technique is Suggested in a patent

by I. Goodbarl6. Two sets of louvers, normal to each

other, are placed near the screen surface and are used

to limit the éngles at which the screen can be viewed
~and the angles at which ambient light can reflect off’

from it to the viewer.

"7 R. N. Rhodes et a1t’ propose an obvious technique of

putting an antireflection coating on the surface then

some type of cross-mesh screen, again to limit the

angies at which reflection can occur. The antireflection
works reasonably well at near normal incidence and the
cross-mesh becomes more efficient at the larger angles

* " where the coating does little or nothing. -

" This group of patents are also concerned with reducing

? . the amount of trapped light between the two surfaces
- because of total internal reflection. Light scattered

at angles greater than the critical angle for total

 internal reflection will be trapped and move across the

- screen rather than through it. This reduces the contrast

_ of surrounding detail and is therefore undesirable.

J. S. Jacobson18 suégests using modified sinusoidal

7 . lenticules. These are made so that the portions of

%L

[N

each sine curve, essentially parallel to the surface

- of the screen, are omitted. Almost any type of

lenticular surface has this property of limiting the

' sideways diffusion of light.

" liquid screen material. These are aligned using a
' magnetic field and the screen material is then allowed’
-

Lt

“‘:\\h

}

o
[
art

prevent the lateral diffusion of light in the screen. ' L

A more novel way is disclosed in a patent by G. L. ’ 0?1Mkt

oiES

19

Fredendall™” to put very small metallic platés in a 919

to set or harden. These act somewhat as fibers to

—_—>

"
E . . | T,

o 2 . - _ . E

S : ’ S e

i
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Fresnel Screens

A Fresnel screen or lens consist of a series of

. concentric stepped rings, each one being a section
.of a convex surface, Figure 6. !

i ™ - o, r

;/\L ) ‘;"-“,I/,,'

Ordinary Lens ' Fresnel Lens

Figure 6. Concept of the Fresnel Lens

The combined effect of all the rings is the same as
that of a single lens of normal shape with the same

. diameter and curvature. -

A special class of lenticular screens utilizing these
Fresnel surfaces of one type or other are used to
compensate for the divergence of the light from the
projection lens, the effect of using such a lens is
shown in Figure 7, where the main propagation lobe is
turned toward the viewing area.

Without Fresnel
= Lens

With Lens

/

Projector

A

Screen SaSU o
\\

Figure 7. The influence of a Fresnel Surface
' on the Light Leaving a Screen
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They can also be used to redirect light from a source
to an observer which are at different levels, Figure 8.
Both of these advantages have been combined in a patent

by G. J. Siezenzo.

Geometricaerxis

Screen

Figure 8. A Fresnel Surface used to Compensate
for the Observer and Screen being at
- Different Levels

I. G. Maloffll:22

and one cylindrical lenticular surface to give the
desired light distribution. This disclosure includes

screens which are transparent, i. e., no scattering

suggests using one Fresnel surface

per se, and others which have a diffusing layer between
the two lenticular surfaces. As previously mentioned,

E. W. Kellogg1 also utilizes a combination of a Fresnel
surface and other lenticular elements for rear projection

screens. s

!

Still another patent23uses a Fresnel surface toward the
projector and a diffusing surface facing the viewers.
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;3; Dynamic Screens

}' © 'l . One of the more novel screens is described in two
;ﬁ':,} 1patents by R. T. Erban24-26. Here two Fresnel screens
o f-;or a Fresnel screen and a lenticular screen are super-
lé . imposed and moved relative to each other more rapidly

f ;than the eye can perceive the motion, Figure 9, thus

if; Z.E ?the fermbdynamic screens.
SR :
I
j :
v -~
? o fFigure 9. A Dynamic Screen Showing Their Two Respective
- L Centers
;i ~ This has several advantages, the most important of which '
- is the better coverage of the audience with the projected
q-iv;light as they can be made, and scanned to give any degree
 of anisotropic illumination and also the absence of the
f‘degrading line structure of the Fresnel and lenticular
,fi@f”"' - surfaces. The advantagés'of éyﬁamic scanning of the
: h : ’ screen have,been presented in patents by J. S. Jacobson18
'1{f;7»{ ‘and R. T. Erban®?"2®, The last referencea patent by
? .+ Erban goes into great detail on scanning techniques
- -~ whereby rear projection screens can be moved relative .-
5'3to the image to soften the effect of the screens Surface
structure. Here the scanning mechanisms are patented
rather than any single type of screen.

~
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4. , Hybrid Screens

: Some inventions attempt to combine the advantages of

‘gggh front and rear projection scfeens and are therefore

called hybrid screens. A patent by W. S. Miller?’ uses

. a lenticular surface to reflect & projected image into

é']a viewing area. The distortion is compensated for by
" using a two mirror system, Figure 10, however some depth

- effects are still present. This also has the advantage

':;of reflecting a good portion of the ambient light out

"+ of the viewing area.

Figure 10. One Type of Hybrid Screen

A better system has been patented by A. H. J. De Lassus
St. Genieszs. The screen consists of a thin layer of
~surfaces inclined at 45° to the surface of the screen.
One side of the surfaces is highly reflective and the
other is coated with a light scattering material,

Figure 11.

.
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C Figure 11. A Novel Hybrid Screen

Ti L Light incident from the back of the screen reflects

! ) . from the first surfaces and is diffused into the viewing

"area by the second. The inclination of the surfaces

‘ can also be changed with increasing distance from the

-CEZ)If& . 1i center of the screen which helps considerably in keeping
it uniformly illuminated, i. e., it behaves much like

r——— ————

" a Fresnel screen. It also has the inherent high

. . egficiencies of front projection screens and further
the image detail is not disected by lenticular or fiber
. elements. Under normal viewing conditions no depth

s >

effects are observaﬁle because of the thinness of the

: ©~ * screen.

‘5,, Unrelated Patents

; *-; tSome patents related to rear projection screens but were
concerned with a screen on which a three-dimensional E
effect could be achieved using in conjunction with it !

: special projection techniques29“3l. |

' Some related to frames and structures to support screens

. "making a portable projection unit33_3'7 or to combine !

H/\'ﬂ' " both projector and screen into a single housing 2. .
er’ " "various ways of shielding rear projection screens out ;
o - . of doors from strong ambient light are also given39_4l. !

. [
§
¢ v . . L
- _ . . .
5 ' . .
~ ¢ . - l
‘\\ . . B T
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':Patents have been granted for specially coated

- illumination of the screen by the projector

‘projection screens to compensate for uneven ’

39-42

for use at drive-in theaters43, as inflatable

‘buoyant display balloons with the projector on
the inside44, or how to integrate large screens

with a theatrical stage and maintain45 an effective

vpresentation of both real and projected material.

Another46 describes a focusing viewer using a

lens as a ground glass screen. One disclosure

~describes a clever way to make annimated signs wherby

"a lens is segmented and rearranged randomly. A

stencil placed behind the lens elements can be

. made to scintillate with ever changing color

common focal plane.

combination by scanning colored slits across their -
47

Of the patents reviewed almost all whigh deal
directly with rear projection screens are concerned
with some type of lenticular screen configuration.

Of primary interest is the Fresnel screen made by

using a Fresnel lens in conjunction with a regqular
diffusing screens or other lenticular elements.

Many techniques for the production of the lenticules,
grooves, and corrugations appear in the patent
literature along with methods of molding spherical

"or hemispherical surface features using glass or

plastic beads.

Very féw theoretical developments were given to

establish a general set of relations for lent?cular N, e
materials. In view of the contents of the patents |
covered, there seems to be little similarity

between the materials discussed and CGW materials

which we will be investigating.

Y

-
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Preliminary Theoretical Investigation

Two preliminary investigations were made in addition
to the scheduled literature search.

The first study was undertaken to determine if a ma jor

‘reformulation of the theory of resolution and/or its

measurement would be required to adequately describe
the resolufion properties of rear projection screens.
This study was important because resolution is the most
important parameter of a projection screen material

next to diffusion and also because conventional resolutidn

" theory was developed for image forming optical elements

and not light scattering display screens.

The results of this study are directly applicable to the
design of laboratory equipment to be used in measuring.
the resolution of Corning Glass Works materials for

_»applicaticns in rear projection screens.

‘“f The second study deals with the theoretical losses

associated with transmitting light through uncoated
hollow optical fibers made from Molybdenum impregnated

- . Vicor brand glass. This supplemented development work

. which was being done for us by our Danville, Virginia,

facility.

":: A, Applicability of Modulation Transfer Function Theory

to the Assessment 6f Rear Projection Screen Resolution

High resolution photographs contain large quantities

of densely packéd information. If this is to be

viewed by projection the medium on which it is displayed
must be capable of resolving the necessary level

of detail. An information display system is made up

of a combination of many imdividual elements typically

a projector, transparencies containing data, some

type of screen on which it is displayed, and the
observer's optics., The observer's optics, i. e., his

1.
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| ~ eyes, may be aided by additional magnifiers or
Q;jj i“f{ ;}‘; measuring instruments. The resolution of a system
-+~ as a whole will be influenced by each element which °
R fiﬁ  must be capable of meeting certain minimum resolution
B requirements. '

W07 7 Modulation transfer function (MTF) theory has been

' ! extensively used to evaluate the resolution of
optical systems and components over the last few

: years., The MTF is a measure of how well the

‘Qcontrast of a particular size detail is transmitted

e ]

-~ through an optical system as a function of detail

" size. These functions, introduced in optics by
J———

Duffieuxl extensively applied to television systems

:;-f! ‘i;li: by Schade2 and further developed theoretically by

4,5

- ?lllz‘v;f;:, ALinfoot3 Hopkins Sayanagi6 and O'Neill7; and -

have completely replaced Rayleighs concept of two

. 1 point resolution® ?. Further the close relation

_(if\};zzgi. ?g,' between optical and electrical systems from t?g 11

wrisooo - point of communications theory has been shown ‘"7,

) ) ;éx " This whole new approach has been discussed in a

' "¢ collection of papers edited by 0'Neilll? and in many
- . other articlesl3-19. The most recent review was

" . at a Symposium on The Practical Application of

B . . Modulation Transfer Functions at the Perkin Elmer
. o Corporation in 196320—26. These techniques have also
. 27-36

been applied to photographic materials

'?‘: ?”:'-g ii.' Application of the sampling. theorem to optical
4777+ . image formation has led to the concept of information

?:' capacity of optical images 37-41

and of photographic
films “""". The information capacity is related to
 the MIF of the material and it characterizes the
amount of information which can be retained, for
" example after display, on a projection screen.

- With only a few exceptions these techniques have

been applied to image forming devices such as lenses,
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) curved mirrors, telescopes, microscopes, projectors,
6;) ) | etc. Very little has been published concerning
' ; investigation of non-imaging components like trans-

' parent plates, flat mirrors, and of primary interest,
light scattering display materials. The importance
of this study can be seen by considering the

‘ unique differences between image forming devices
' o for which the theory was developed and light
. L scattering display materials to which it is to be

applied. Lenses are designed to be used at one

&

given diameter, object distance and magnification.
They are usually uniformly illuminated and almost
all of the light incident on them passes through
forming an image in one particular plane.

Quite different constraints are encountered when -
using a projection screen. It can never be uniformly
illuminated if it is to display information. A
<;: o significant portion of the incident energy is
. " backscattered toward the projector and some is
o - scattered laterally through the écreen, that which
passes through is unevenly distributed over an
appreciable solid angle. In general the information
displayed must be observed from many different
directions, at varying distances from the screen,

and possibly under additional magnification.

A mathematical development of the measure of
resolution, its significance, and its relation to
. measurable quantities will first be given followed
; by a review of conventional techniques used to
measure résolution, based on this theory. Their -
applicability to projection screens is discussed
after which the results of the study are summarized.

/N ‘ 1. Theoretical B%?S of Modulation Transfer Function
(- . Theory

)
To better understand the importance of the MTF

4

e
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a mathematical representation of image formation

is given. This will illustrate the convolution
concept of image formation and introduce the
associated concept of spatial frequency spectra
of object and image intensity distributions and
their important inter-relation. From this
foundation the MTF will be defined and its
crftical importance seen. Although the
developments will be restricted to one dimension
for simplicity, all of the results are directly
applicable to the two dimensional general case.

Consider the incoherent diffraction limited optical
system shown in Figure 1.

[

g

) | Q: ™)
P \

l.ens$

Figure 1. Diffraction Limited Image Forming System

Let o(x) and 1i(x) be one dimensional intensity
distributions in the object and image planes
respectively, and defined as '

ot = @y(x") § (x'-X) 0

JGO =G5 (x") 8 (x'=x) (2)
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sy -i'x where Qo(x)and 0, (x) are properly normalized
GZDQ'f SR 2 - weighting functions, with 8 (x' -x) being the
3 e . Dirac E'function and S(x'-x) its image, the line

t
R T i spread function. The image of a general object

can be found if the line spread function is known,

if;-?; ”f' f ,'; since the image of a general one dimensional object

-
cmrp—— b
. L

B

+ can.be made up from a sum of such line images;

.. *  Define the Fourier spectra of the object, its
' image, and the line spread function respectively

Ry) = jooé(X) e-éurxﬁx dx (3)
- Q0

Rx) =/ it e i2TAR
-0

@ -f R
g (R,) =/ scxy e 2T g (5)
- 00

To determine the relations between these six

quantities we begin by writing the convolution

L P '
'f L, -y as
I P
. i A L
' : ! . :
: : i O(
'!1 .
L
. {
¢l
' .
Y : integral
co ' terms of

the line

A i - Substituting (6) into (4) gives !

. | o _' LRy

™/
ade '

v : T

é
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. . Z(x) =/ o(x’) 8 (x<x) dx .. (8)

describing how the image is formed in -
the object intensity distribution and
spread function

- 00 ' oo

; k- ) _“zqﬁkkx

z e .
B -

(M - ] o ket

< ~ (7)

cf

[ / '.a"‘g,.(x’)s Cx=x') dx ’J dx

I - - I
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The order of integration in (7) can be

( ' - . changed if @(x) and 8(x) are square-integrable46,
i. e., ' i
- | )
fowxyl dx & oo . 8)
-0
and
o 2
f Is¢x)l dx < o
- o0

which they are,hence (7) can be written as

IRy =/°"o(xf> -
&m . (9)
, e [f e”‘amR"S(x-‘x’)Jx] dx’

We know from the shifting theorem that

@ _igrxR iamx'R
/ e " s (xx)dx = 4T xﬁ(@x) (10)

- 08 .
thus (9) becomes

I (R>()"3 ¢(€x‘)/°;(xf)€‘z£”x'ex clx' - (11)

©

The integral is clearly just the Fow ier transform
of B8(x') and the final result is , .

I(R) = g(R)+ 0(R,)

(12)

N
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~ | The function ¢(Rx) is a weighting function
) , , controlling the transfer of power as a function
’ of spatial frequency between an object and its,
{ image.

It in essence relates the contrast in image
to that in the object. For this reason it is

. o _sometimes called the contrast transfer fuhction but more
conventionally the MTF.

The contrast - of a sinusoidal intensity
distribution, Figure 2 is defined as

o= Imex-kimln - (Imax_Imu‘n)/Z
" (Lpmax t Tpnin)/2 (13

—_—

Tt 1

min

Tx)

X o e
. Figure' 2. The Physical Meaning of Contrast

It is clear from (13) and Figure 2 this is just
the ratio of the AC to DC power in the sinusoidal
pattern,

N Usually only the normalized transfer function oo
T(Rx’ Ry) is used,

| B(Ry) -
f(\ | T( R ) ¢ (0) ' (14)
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= Thus T(0) = 1. Therefore the one dimensional

- e a e o

- Other than sinusoidal patterns have been used

- MTF can be expressed as

I Y | o
T(R")'~ ro Cas)

where jA 4 and &Ao'are the contrasts in the
sinusoidal object and image distributions. It

' should also be noted that - Y\ 4 and X\o are

independent of any absolute power and more

 importantly - X\i is independent of any uniform
" attenuation of intensity in the image forming

process.
47-51

However, to make the data meaningful it must

"be reduced to the equivalent sinusoidal response.

. Thus much time and work is saved by initially

. measuring the optical component using sine-wave
‘techniques.

| " In keeping: with the universally accepted

nomenclature52

the transfer function is a complex
quantity called the optical fransfer function.

Its modulus is called the modulation transfer

. function. The phase transfer function describes

the spatial phase across a sinusoidal pattern,

and is determined by comparing the spatial

location of the image and object distributions.-

The variable of the MTF is called spatial

frequency and is given in units of cycles per - ]
millimeter or lines per millimeter (the latter

only when no confusion can occur with television PP
lines, as two television lines equal 1 cycle).

Experimental Techniques Based on MTF Theory

There are a great variety of techniques by which
the MTF of an optical element can be obtained.
o L i T

~

>

n

- . . . . . . . -

.
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-~ into three main areas.

Het  wers
L, :

O

Each has its own particular advantages and

' limitations. These techniques can be classified

-

;' a. Measurement of sinusoidal objects and images.
" b. Spread function analysis. ‘

¢. Interferometric techniques.

§H1Thé following inter-relations summarize the

previous theoretical development

tdx) = s(x) * o(x)

it Il
I(R) = T(RY * O(R,) | (16)

 where * and = denote convolution and Fourier

transformation respectively.

. a. Direct Measurement of Sinusoidal Objects

and Images

. The most straightforward‘way to measure T(Rx)
is to use as an object a transparency whose
<. transmittance varies as the spatial
" coordinate x53. The spectrum of the object
‘O(Rx) is the pair of delta functions, S(Rx)

T+ E?(_Rx) plus a d.c. term.

The produce of O(Rx) with T(Rx) modifies the
ratio of AC to DC power simply by relatively
decreasing the power in the AC term. The

image 1(x) is also sinusoidal but of somewhat

lower contrast becauée of T(Rx)' The image can
‘be directly recorded on.film and the contrasts
- obtained by densitometry. The MTF is computed , -
according to (15) by taking the ratio of

the contrast in the image to the contrast in
the object. By using several different

spatial frequencies, the MTF properties of

the component under test can be determined.

)

.
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To measure the MIF of a rear projection
screen the primary image must be projected

onto it. This could either be re-imaged

-onto a photographic plate by means of a

second lens or scanned either at the

screen or after projection onto a scanner.

. Scanning has the advantage of being strictly
" linear and also not requiring liquid chemical

developmeht as do photographic films. It
can be done very fast and further it makes

the data available for additional electronic

processing. Here the contrast in the image

without the screen is taken as the reference
rather than the contrast of the object.

This then compensates for the MTF of all the
optical components except the screen which-is
to be measured.

At the lower spatial frequencies the projected

image averages over many of the scattering

irregularities of the screen and the MTF obtained

is a very good measure for those frecuencies. .
At higher spatial frequencies near the charac-
teristic size of the irregularities in the
screen, the lines in test object become
distorted and bent and the resulting MTF
becomes dependent on the average amount of
this distortion. The MIF can be expected

to fall sharply near this characteristic
spatial frequency. However, these are exactly

. the conditions under which information will

be displayed and therefore the measured MTF

will continue to be a valid measure of the

screens resolution.

If a spatial freqguency pattern of frequency Rx
is projected onto a screen and observed at
an angle g, measured with.respect to the

-
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screen normal, it will appear to be of
frequency Rx| given by,

Ry =R,/ cos© (17)

To properly use the MTF curve of a screen

for off axis viewing, the values of Rx

- should be appropriately modified by the

factor cos g. This simply means the

contrast of a given spatial frequency is
independent of the angle at which it is
viewed. This may be true of the screen
aloﬁe but not necessarily of a whole system.
This is because the optics which view the '
screen will be imaging'Rx' rather than‘Rx
hence their MTF at Rx' rather than at R

must be considered.

Methods commonly used to produce variable-
transmission sinusoidal patterns for this

type of measurement involve the generation

- of an image and its recording on a photo-

sensitive material; in such procedures, the
intensity variation in the image is proportional
to the desired transmission variation in the
photorecording. These in general cannot be
purchased but must be made by each group.

A variety of procedures and apparatus have
been employed to generate such sinusoidal

5
" test patterns. Schade;% utilized sound

recording techniques. Kapany and Pikess,

Julich?? and other357 used devices to scan v

.-

Roncﬁé rulings and other periodic objects.
Shawifiusedza lit whose intensity was modulated

.8inusoidally in time. Interferometry has been

58-62

utilized by several authors” - to produce

r

e,

1

“ 1
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fringes suitable as image evaluation

test patterns. Variable-area sine-wave

patterns have been _convérted optically

to variable-intensity images by Selwyné%

and Lambertss4'6?iusing cylindrical
optics and by Desprez and Poliet6/6 with

a lens, the pupil of which, was a narrow

. slit.

The photorecording of an optical image which
varies sinusoidally in intensity is not only
difficult but imposes certain limitations.

The use of nonlinearly responding materials
such as silver halide films require additional
care in preparing the test objects if they

are to be free of harmonic distortion. -
Compensating teéhniques using suitable
combinations of positive and negative materials

7 68,62
have been used by Kelley et alé‘, and others '7°.

Scottgo

whereby nonlinearities can be compensated

suggests a way to produce such objects

" for by appropriately modifying an area pattern

used in their production.
Spread Function Analyses

The MTF of a rear projection screen can be
measured by projecting a line image onto it,
and Fourier transforming the intensity
distribution of the line spread function s(x
formed by a lens some distance behind it
where,

s(x) = U(x) . U* (x) . (18)

~and U(x) is the amplitude distribution in the

line spread function, the superscript* denotes
the complex conjugate. Rather than measure s(x)

3 -

AJ?DP79BOO873A0020000100093
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 its effective spatial frequency.

9,

.and Fourier transform, the line image may

be projected onto a scanner whose trans-
mittance varies sinusoidélly with the
spatial coordinate x. This represents a

convolution of s(x) with cos 2 T (x Rx+(pt);'

refer to equation (16) and also the previous

discussion on using sinusoidal test objects. .

Because of the motion of s(x) across the
scanner in time its output will be a
sinusoidal signal whose contrast is a

measure of T(Rx).

Two commercial instruments based on this

4,7
concept have recently been developed74"5.

. The lens under test forms an image, of a

line source onto a rotating sinusoidal mask.
The MTF is obtained by electronically
extracting the AC signal. Changes in spatial
frequency are produced by using a rotating
one dimensional Fresnel pattern.

" An identical but much less sophisticated

instrument has been described by Hacking7§.
Here a microscope objective relays the

image of a line source, formed by the lens

“under test to aslit immediately ahead of a

sinusoidal test chart. Data required to
compute the MTF is obtained by translating
the pattern to two different positions and

.measuring the transmitted intensity. The

pattern behind the slit is rotated to change

t

A conceptually identical device is also

" described by‘Herriott?J, where a variable-

area pattern is used as the 6bject and its
image.is scanned across a slit by means of

- rotating drum on which the pattern is mounted.

T

1
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' The spatial frequency of the pattern changes
- - around the drum hence it scans through a

range of frequencies each cycle of rotation.
A phototube behind ﬁhe slit detects changes
in intensity and the MTF is computed
electronically. A more elaborate device
measuring both the MTF and the phase transfer
function is outlined by Shannon and Neuman7?.
Many other authors have contributed to this
literaturégagpﬁ.

The limitations of these techniques center
around the formation of a line source on the

screen and secondly on the screens scattering

properties and the angular size of the secord

lens as seen fromthe screen. The surface on
which the line source is formed may contain
micro irregularities. If the line is

' considerably wider than this micro structure

a good average will be obtained and the
scattered inténsity will be independent of
where on the screen the line imagé is
located. 1If, however, the line image is of
the same dimensions as the irregularities, it

will be significantly distorted in both shape

and position which will change s(x) and hence
T(Rx)'

Specifically T(Rx).again becomes a measure of
the average distortion and influences only
the high frequency characteristics. However,
'if the line image is not a good average over
the irregularities the MTF can be changed

by slightly displacing the screen, i. e., the
sample taken by the line image is too small.
The same is true if instead the scattering
takes place in a volume rather than on a

surface and volume irregularities are considered.

X

-
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B L .Differences in the measured MTF should not be
c;;) vf"l ;.“'f . expected between the two different techniques
I ", described even at spatial frequencies near r
~ . those of the irregularities unless the slit
T ?1 image is too small to properly sample the
) N " scatters. It will be the best possible

__‘:;» C estimate when using a sinusoidal pattern

R
e

A' T flr-, _ "because of better averaging, and may vary

| : | irratically when a point or line source is
used depending on the relative size of the

. | line image and the size of the irregularities.

A distinction must be drawn between the inherent
and measured MTF of the screen. An estimate
» of the inherent MTF can be found by Fourier
Cr ;”}iﬁj .+ ' transforming the intensity distribution of
" ' "a line source projected onto it, but the
o o measured MTF may or may not be a good estimate
((“N;'{ . ?1[:'_ ... ' depending on how carefully all detail is
,Qb/ﬁif'ff,'i? :1‘ - ‘;‘ considered. The MTF measured directly on the
C ‘ ‘ iscreen will always be greater than or egual
to that measured by using an additional lens.
However using the second lens can be a good
-approximation to the lens in the observer's eye.
'.4F1* -;‘ l'-ﬁ The relative influence df these factors on the
i ‘ I measured MTF can only be decided by considering
' | all of the necessary parameters of a given
e projection and viewing system.

When a second lens is used to transfer the
image from the screen to a photographic plate
' ‘or scanner it's MTF must also be considered.
o : Because of the highly nonuniform'écattering
: properties of rear projection screens the MTF
' . o of the transfer lens T'(R,) will depend upon
~ ¢ 7 o ,'f- ."the illumination across it, termed the aperture
6/ . ' illumination function E(x). This is the
- n product of the intensity distribution B(x)

. o . R ) .

S~ S \ . : e
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o ‘ .i ‘i from the source with the aperture
Q:). o ;? b if; . transmission function C(x),
: S . ;
N E(x) = B(x) . C(x) (19)
“{_ {-?':,1;:?u' ‘The function E(x) is effectively an apodigationgy'ag’§§
¢ u.’_? i;" 1';_"”'of the aperture which may change the MTF of _ o
? ' ‘.A ' 15 Q 'the lens. This apodization essentially is a
%’l oo i: : o spatial frequency filter which operates on
:; b the information 'in the aperture plane rather
: f ) ; " than ‘in the Fraunhofer plane.
i b .

From the diffraction theory of image
‘formationl'§4'8$'?6‘82he MTF of the transfer
lens can be written

‘T'(@x)j VEG) - VE(E-R) (o)
SR s ~e

1 ! N : .
CE;>  T ‘ where (3 is a transformed coordinate across
' " the aperture and the convolution must be

\ in terms of amplitude and not intensities
: ‘ * thus the square root of E(f ). This can only
: '~ be done because the aperture function is real.

Co | .+ - Figure 3 shows the angular scattering function
' of a screen and the aperture distribution
for two different viewing angles.

o~ e

. . . . : s e »
: . X : v
. W - - . o . ’
‘ . [ v, -
D . -~

1

- o ro- ' ' ‘ R g : .
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Angular Size of
Lens

Figure 3. Angular scattering distribution
of a screen and the associated
aperture distributions for two
viewing angles.

Lens A is more uniformly illuminated than B.
It should be noted the difference in absolute
intensity between lenses A & B will not
influence T'(Rx). This approach is also
equivalent to looking at two different
points located at different places on the
screen. It can thus be seen that T'(Rx)
. will change with the location of the detail .o
on the screen. Figure 4 illustrafes the
effect of moving a lens from A back to B
which changes its angular size and hence E
f(“j _ &E ), which is equivalent to using a smaller
‘ lens at A, both of which tend to make E (jf)
, more uniform. '
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An important topic for further investigation
(ﬁ\ is the influence of a screen's thickness
and scattering characteristics on its MTF.
Intuitively the thicker the screen and the
greater the scattering in it, the lower will
be its resolution. A complete understanding
of this relationship is therefore important
- . in our designing of high resolution screens.
"~ {It may be that resolution higher than a given
1limit can only be achieved by surface
Iscattering rather than volume scattering.
At this point the size of the surface scatters
will also become important. The results of
such a study in relation to resolution
requirements will obviously have a direct
influence any materials program.

48]
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‘,r/. N I' \; \ :
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N
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Figure 4
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c. Interferometric Techniques

Qi)Q ; i  ' ;,; - A different class of techniques assumes a
'.; . FV: ) ©° " uniform aperture amplitude distribution

">§35" ©~ thus requiring only a measurement of the

'f;ff. v phase variations of the wavefront over the
ir;hv_ o aperture®>. These measurements can be made
' : . by using a modified Michelson or Tyman-Green
' L Interferometergg. Another similiar technique.
h ) y  1 suggested by HOpkins2 and first realized by '
- o Baker?‘ is based upon measuring the light
flux in the interference pattern formed by

recombination of two sheered wavefronts.

..

All of these methods impose the constraint

of requiring the object under test to preserve
the spatial coherence of the incident wavefront.
This is not compatable with any type of light
scattering projection screen and theréfore

these and other related techniques will not

W e M. e A W e Pl

be considered any further here.
3. Conclusion

After presenting the mathematical foundations of

PR modulation transfer function theory and considering
T conventional techniques compatable for measuring

the MIF of rear projection screens, there seems

to be no justificatioﬁ for thinking any extention

of present theory is required. Certain conventional

techniques are not applicable to measuring

projection screens because the spatial coherence

of the wavefront is not preserved. However, very

- [P -

L . . many techniques are still valid if the physical L=
" . characteristics of the screen are proberly

. _ ‘ considered. Of these the relative size of the

_ o :"' L projected detail to the size of the irregularities

((:j , o ‘producing the scattering is the most important.,

L : " Some technigues are highly sensitive to this while

' o others are not. L e ‘ o
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, ;g . * Scanning and additional electronic processing
<:>“ e ’ can yield directly the resolution characteristics
; “: of a screen or complete display system.

The influence of nonuniform illumination across
' the observing optics was investigated. The
specific influence depends upon the scattered
S + 1intensity distribution and also very much on
;i o .. the specific details of the viewing system and
R "f ’_3 * . must be considered individually for each system.

Rzi. :?!,  o . This study has shown the applicability of
SR : "I conventional resolution theory to light scattering
- ‘f: . display media and also has uncovered many
. interesting topics to be given further study
in the theoretical and experimental phases _
of our. program of investigating Corning materials.

RS

c.' T
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B. Losses in Uncoated Hollow Glass Fibers

(:: ' .Since we are planning to investigate fiber optics

~ materials for application in rear projection screens
a theoretical study was made to determine the
transmission losses through hollow uncoated
opaque glass fibers.

The loss of power through such.a fiber is due
primarily to penetration 6f energy through the
inner fiber wall. This is either absorbed if
- - ,the fiber is not clear or else it is simply refracted
' out of the fiber and into the surrounding media.

The power penetrating the walls of the fiber as
a function of incident angle ¢ and refractive
index n of the wall relative to the hollow core,
for two orthogonal polarizations is given by the
familiar Fresnel equations.

& . parallel T,(6)=Tm?(e-g) Tan?(6+¢)

ﬂormal. ’Th(e)= Sinz(e-¢)/5r'n2(6+¢) (2)

where ﬁrp(e), 7Tn(e) are the transmission coefficients
for the electric vector parallel and normal to 'the
plane of incidence respectively, and ¢ is the angle
-of refraction given by Snell's law,

§ = sint (Bi28) 3

The reflection coefficients Rp(e) and Rn(q) are
simply ‘ ‘

Rp(e) b 1 = 7;(9) « (4)

e
R,(&)=1-T (6) . (5)
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For the Molybdenum impregnated glass all energy

.which passes through the first wall is absorbed

hence R (6) and R (p) are valid reflection

' coefficients and describe the losses per reflection.

For a clear non-absorbing glass fiber only a few

~ percent of the energy incident at a point on the

wall will be returned to the hollow core by
reflection from the second wall if it is uncoated.

'~ Because total internal reflection is no longer

responsible for the propagation of light down the

-fiber the numerical aperture must be given in terms

of the angle at which the transmission coefficient

T(g,r) falls below some predetermined value.

It should be mentioned that a black glass is not
necessarily more reflective than one which is clear.
the contrast of the image in the black glass is
much higher and subjectively influences the
observer's evaluation of the reflected image seen.

. However absorbing glasses prevent cross-talk between

fibers when used in a matrix.

The total loss of power at a given angle of
incidence is determined by the length of the fiber,
i. e., the number of reflection and the reflectivity.:

. The number of reflecEions in a fiber of length L,

and diameter 4, r = ??, as a function of 9'= 90-g
is found from the geometry of Figure 1 to be,

N(,r) = r Tan g° | (6)

- by ———— .
l — ' _

N\

‘Figure 1. Geometry of Light Propagating Through

a Hollow reflective fiber.
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Therefore the total transmission coefficient
T(9,r) for the fiber becomes,

‘r 0 ) = R( e

R VICKDE - - o
:Tn(e,r) = Rh(e)v’ . - ®
writing ff) and (8) out,
T (6 Y‘) -[1 - Tanz (e ¢) V‘Taﬂ e . (9)
‘(o +¢@) :

Tan 8
' - 8inl(e-4) r =
T;(Q”,.) [1 S.n2(6+¢)] (10)

It is clear from (9) and (10) the losses are
compounded as §' increases. This is because both
the reflection coefficient decreases and the number
of reflections increases with increasing o'

N

One measure of the transmission properties through

- such fibers is the number of reflection, n,required

to reduce the transmission coefficient to some given
value. As an example, Figure 2 gives n agAfunction

of the angle § to reduce the transmission coefficient

to .0l. It is-clear, even at large angles that only
a very few reflections are required. It should be
noted in using Figure 2, n must be integer. An
equivalent measure is the ratio Lo/d, for which the
transmission coefficient drops to .0l and’ is shown
in Figure 3. Consider what these means in terms of
fiber diameter, length, and angle of incidence.

- ! .
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The maximum length of a fiber with a diameter of .
50 microns at § = 75°; is .9 mm for the parallel
component which undergoes 5 reflections and .4 mm
for the normal component which reflects twice.

It should be remembered each polarization is being
considered independently. In view of the data
given in Figures 2 and 3 and this example, it seems
impractical to consider uncoated hollow fibers as

a component for rear projection screens because of

their high losses.
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_Preliminary Investigations of CGW Materials

Since the main purpose of this contract is to study the

L applicability of Corning Glass Works' haterials for
i improved screens for rear projection, we have started

\j preliminary materials investigations. This is to

increase our familiarity with OGW materials and their
countless modifications. '

It is also a part of this preliminary investigation to

screen out materials which look promising and to start

a more complete materials study of these. Although this
has just started there are a wide variety of different
materials which have already been singled out for
further testing. Naturally specific requirements to the
materials' groups must await a theoretical analysis of
each different kind of material. However by starting ~

“this part of the effort early we have the advantage of
 ; guiding the theoretical work along definite avenues and
"+ toward specific material$s properties. This makes both

" the theoreﬁical and experimentdi work more meaningful

and directly applicable.

., A, CGW Materials to be Studied in More Detail.

A trip to our facilities at Corning, New York, was
made near the end of this phase of our work. Many
technologies and materials applicable to the
manufacture of rear projection screens were seen
and discussed with various research personnel from

a number of different departments.

v Although there are more than five different Corning
EE materials to be investigated the following
hiscussions will be testricted to those which have
been studied so far. The five major classes of
magerials Eo be investigated in detail are:

1:  Glass Ceramics

... Glass ceramics are materials that have been

I‘ ‘ x .‘ - N " , ‘l
N IR s

T o -

.
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converted into crystalline ceramics from

their original glassy state by the use of

nucleating agents and heat treatment. A

- glass batch containing a suitable nucleating

. agent is melted and formed into.a transparent :
ﬂ g1ass by conventional glassmaking techniques.

- It is then cooled to temperatures induc1ng
‘>;.precip1tation of the nucleating agents.

Then, the nucleated material is heated to a
temperature range in which growth of the

‘nucleated crystals takes place and where

typical crystal size is .1 to .3 microns.
Composition of the material and degree of
heat treatment determinethe type of

}’crystallization and final properties such

as its translucency and scattering properties.™
Three different samples of this material have

. .been obtained.

Photosensitive Glasses

APhotosensitive glass when exposed to ultra-

violet light and heat behaves much like a
photographic film or paper. An image is

- formed that is a permanent part of the glass

ahd extends in depth throughout the body of
the glass. Exposed areas turn an opalescent

 white after development by a heat treatment.

The unexposed areas remain clear. Thus, any

pattern can be reproduced in this glass by

exposing and developing‘it. Screens containing.

over 350,000 precisely-located holes per square

inch are produced by this technique. This o
material is known by the trademark "Fbtoform".

The Fotoform glasses can be converted by

. further heat treatment into a crystalline ceramic

material. In this state the material can be

N : . -
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" translucent or opaque depending on how it is

treated and it is mechanically harder and

;‘:stronger than it was in the glassy state. It .

'%J~is marketed under the trademark "Fotoceram'.

L”,Multiform Glasses

.~ These are formed by powdering a glass, pressing

”_ or 'slip casting the particles to shape and

then firing at a high temperature. The particles

" are consolidated or sintered by fusion into a

vacuum-tight structure.

. Multiform prdducts display properties similar
' to those of the parent glass. By controlling

the size of the glass particles, the firing
temperature and the firing time, multiform
glasses can be made to have a wide variety of ©

light scattering characteristics. The normal

. particle size is 5 microns but can be made as

small as 3 microns with no large size limit
and also can be made with a given distribution
of particle sizes.

Porous Glasses

These glasses are composed of two different
glasses with one being very much more soluable
than the other. After the glass has been formed
it is placed in a solution which leaches out the
soluable glass leaving a very porous skeleton.
The size of pores range from 10 Angstroms to 500
Angstroms. This gives the material a milky look
but they eventually discolor because of the

collection of organic substance in the pores. R

"This can be avoided by covering the surfaces

with a resin or similiar sealing material. The
porous glasses can be made more translucent by
filling the pores with an opalizing agent, the
concentration of which can be varied to change

-
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: L " the translucent properties to suit a particular
'(i> S LI application. We have one sample of this material

" .» " and expect more in the near future.

"+ 5, Fiber Optics Materials

RO

o S Conventional optical fibers consist of an inner
'Ei"f,'fx - core and a surrounding outer cladding of a lower
' ‘ | refractive index material. The attenuation of
light in a fiber is a complex phenomena but for
practical .purposes the internal losses are due

: . to inherent properties of the dielectric core
; Lv ;3r ﬁﬁ',;f' and not on imperfect internal reflections. A
) '}:1,‘> * patent disclosure for a new type of optical

| ' fiber has been submitted by Corning Glass Works
Co which is expected to largely circumvent this

' :,"_ ‘;;‘ problem. This proposal is to use a hollow tube
cg ‘§ ’iL with a highly reflective inside wall. Losses
b are now governed only by the reflective properties
of the coating, no longer by the loss tangent

» of the core and they are therefore expected to
B be less than for an equivalent solid core fiber.

This new type of optical fiber is being

Ca fabricated by Corning in their Television Products,
’ ' Market Development Department at Corning, New York.
f{(" . L Such hollow tubes have been made down to 10
f : B ~microns in inside diameter with good control of
s . : open area to wall area. In the 10 - 20 micron
" ' diameter region this can‘be as much as 70/30.
At smaller diameters, wall thickness remains
constant but the hole gets smaller and smaller
until it becomes a solid fiber.
This may be the most difficult material, at
least  initially, to obtain samples of as they
‘ must be made specially to order and can be of
6:>‘_ . '  any desired shape both inside and outside.

o However, it is possible to obtain samples up

e o o “w
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| “to 2" x 2" consisting of a matrix of 10 - 20

" micron diameter hdllow fibers.

Techniques on how to assemble these individual
fiber tubes into a matrix is presently under ‘
study. It is hoped these fibers can be bonded
together in some way to produce an experimental

“_rear projection screen.

" Another group in Corning's Television Products,

Market Development Department is making progress
on conventional, cladded, solid core, fiber
optics. They have been able to build fiber
plates which maintain high resolution over a
relatively large angular field. We will obtain
samples of these and evaluate them as to their_
applicability to rear projection screens.

Laboratory Investigations

Spectrophotometer Measurements

Some very preliminary laboratory investigations
have been made. One such investigation consisted

‘of determinging the spectral transmission curves

for six different translucent materials. These
are shown in Figure 1.

Key and pertinent data relating to Figure 1:

a. 100% line Scale 100%
b. Porous Vicor (new) ‘5mm thick Scale 100%
¢c. Porous Vicor (discolored by Scale 100%

organic molecules) 4mm thick

d. Polacoat Rear Projection Screen Scale 10%
Material .014" thick .

e. Glass Ceramic from Corning Scale 10%
Glass Code 119GIY - lmm thick

f. Scotch Magic Tape .004" thick Scale 100%

g. Vinyl Plastic, clear, calendered Scalel00%
012" thick

) L N -
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The "Scale 10%" means the 100 mark on the scale
along the left edge of the Figure corresponds

- to 10% transmission. It is interesting to note

" the very low efficiency of the rear projection

»

24

3,

screen material manufactured by Polacoat
Corporation,

Samples of Optical Fibers

Three different types of materials for hollow
fiber applications have been obtained.
Photomicrographs of them are shown in Figure 2.

The fibers in Figure 2a were made from an

*'absorbing Molybdenum impregnated Vicor brand

glass and measure 119 microns in outside

. diameter with about a 56 micron bore. Figure 2b

1_hollow fibers using a new type of coating material.

shows fibers made of a non-absorbing glass whieh
range in bore size from 115 to 160 microns and
.have an almost constant 18 micron wall thickness.

The square fibers in Figure 2¢ measure 81 microns
'in diameter on the inside with a 53 micron wall.
Metallizing of Hollow Fibers

At present the Advanced Products Department of the
Technical Products Division at our Corning, New
York, facility is attempting to coat the inside of

" This is a mixture of solvents, organic compounds,

and metallic salts. After a coating of this

the fibers are fired which breaks up the

organic material and creates a reducing atmosphere
leaving a fresh metallic coating on thg fiber.

1

All wastes becomes trapped in the vapor and are
vented off. Many of the popular plating materials

".'can be handled in this way. This is expected to

-

give us an early estimate of the feasibility of .

~ plating both fibers and matrices in this fashion

[}
-
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and also gives an estimate of the requirements,

: 'in terms of time and facilities to do this o
P - type of work if it proves successful. The
: " results of this effort are expected in the
'near future.
S .
';7, i}
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V. Conclusion

“<i>; P EThe literature search has shown the state of the art of
o ' ;rear projection screens and projection systems. It has

shown the areas of greatest and least accomplishment
Tiand where analytical results are needed. It has

o me—e s e

A . - contrasted the many ideas disclosed in patents with what
| .~ is practically being done.

The preliminary theoretical investigations reassure us

W e A et

i‘_of the validity of present resolution theory as applied
‘} }.9 *to light scattering display materials. It has also
P . provided a good background on resolution measurement
: :which will be important in specifying requirements for
" laboratory instrumentation to measure the resolution

N Lo
e e L e

@157>< a:\properties of CGW screen materials.

N N .

Our preliminary materials investigations have directed
us to a wide range of different CGW screen materials.
» These have in part been examined in our laboratory and

e e pemete n
. A

E " Ywill be investigated more thoroughly in later phases
-i'?'. . -of the program. 1In essence there is every reason to
;  . . 'believe new and better screen materials will be
711 developed through this effort.
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